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ment of Problem
The purpose of this work was to gain an improved understanding of the critical
parameters of the rapid solidification process known as Liquid Dynamic Compaction
(LDC). This was to be accomplished by a series of experiments on an important alloy
system, Fe-Nd-B, known to show property instablilties with smali variations in
processing conditions. As a secondary objective it was considered desirable if in the
course of the program we developed permanent magnets with improved properties.
Both of these objectives were met.
Summary of Progress
y 1,1 -D 1,1
Our progress during this period has been on three fronts. 1) Exploration of
twin-roller quenching, as a concomitant to our development of Liquid Dynamic
Compaction (LDC), to enhance magnetic orientation and remanence. 2)
Re-examination of LDC over a range of atomization gas pressures and pour-tube
diameters not yet explored and 3) investigation of the role of reversal domain
nucleation in the Fe-enriched subsurface layer of Fe-Nd-B sintered magnets by

magneto-optic Kerr effect.

1) Twin-roller quenching
We described in the last report how twin rolier quenching of Fe77Nd{5Bg produced

flakes with significant crystallographic (00 m) texture and 50% increased remanence

normal to the flake surface. A patent application has been fiied on tnis iinportant resuit.
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We have studied the effect of roller pressure (at constant rotation speed of 1600 rpm)
on magnetic properties of Fe77Nd15Bg flakes. Increased pressure increases iHg to
over 12 and over 14 kOe in perpendicular and paralle! fields, respectively. However,
for both orientations, B, remains at or below 5 kG, decreasing with increasing pressure

for H perpendicular. This suggests that the enhanced remanence in
twin-roller-quenched material relative to melt spun ribbon is more a consequence of

directional heat flow than of deformation induced (00 m) texture.

2) Ligquid Dynamic Compagction

Several LDC runs have been made with a multiple platform substrate using
atomization pressures p = 150 and 200 psi and pour tube diameters D = 3 and 5 mm.
The most important result is that thick (2 to 3 mm), amorphous compacts of Fe-Nd-B
have been obtained for p = 200 psi and D = 3 or 5 mm that appear fully amorphous by
X-ray scattering on their top surface. While the permanent magnet properties of the

amorphous material are poor as expected, when annealed at 600 to 800° C

coercivities Hgj approaching 10 kOe and remanances of 5 to 6 kG were achieved in H

=* 14 kOe. After premagnetization in 100 kOe Hgj = 12.7 kOe and remanence

doubled in some samples. There is much to be explored in terms of directional

precipitation and grain growth from these "bulk™ amorphpous precoursers.

3) Surf leation

We h~ve addressed the probiem of the coercivity mechanism in Fe-Nd-B sintered




magnets focussing on the role of the surface layer as a possible site for nucleation of

reversal domains. Using longitudinal Kerr effect we found that the surface layer is
always magnetically soft (Hc < 0.6 kOe). The sintered magnets only showed high bulk
coercivity if they were driven to near saturation (i.e. no domain walls left in most interior

grains) and had a composition slightly rich in Nd (Fe77Nd15Bg as opposed to

Fe7gNd13Bg). Presumably the excess Nd segregates to the grain boundaries where it

forms a non-magnetic phase. This non-magnetic phase effectively breaks the

exchange coupling between the grains and inhibits magnetization reversal in one grain
from propagating to adjacent grains. If a Nd{3 sample is saturated it is still easily
demagnetized in a few hundred Oe because the domain walls are continuous from one

grain to the next. If a Nd15 sample is driven only to 6 kOe - a field more than enough to

saturate the surface but inadequate to removel all domain walls from the bulk (B/Bg =
70%) - it again can be demagnetized in a few hundred Oe. We believe these to be the
first direct measurements of the soft magnetic character of the surface of an Fe-Nd-B

sintered magnet.
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